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Today’s Talk: CALIPER Program

e Context and purposes of CALIPER

e Testing program scope

e Testing methods & CALIPER process
* Progress to date

 Rounds 1-3 results

* \Where to go for more info
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Market
Energy-Efficient,

Cost-Competitive
Products

Guiding technology advances from
laboratory to marketplace

http://www.netl.doe.gov/ssl/
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Market
Energy-Efficient,
Cost-Competitive
Products

Strategic Elements

« CALIPER Testing

« Technology Demonstrations

- Technology Procurements

- ENERGY STAR

« Technical Support for Standards
» Technical Information Network
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Purposes of CALIPER

* Provide objective, high quality performance information
« Know performance of market available products
— To support R & D planning
— To support ENERGY STAR

* Inform industry test procedures and e
standards development NOTHER LIGHT BULE

* Discourage low guality products
v Long life

 Reduce SSL market risk due to buyer "~
dissatisfaction from products that  Easy to install(standard sooket
do not perform as claimed ¥ Hatural it superd colorrendering
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Rapidly Changing SSL Technologies

200

o Steadily improving
LED chips i - AR

watt)

§ gl all i sa? ./{.&)j___—+ f"ﬂigﬁ"ﬁﬂleﬁ
 Better thermal I i
performance ¥ s /H,/f/r it
[ Man ufactu rers are 1970 1980 1990 vour 2000 2010 2020

announcing new performance records
almost every month

o Steady stream of new products

* Immature markets, limited understanding
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CFL Lessons Learned
 Avoid same mistakes

12/13/2007

Compact Fluorescent Lighting in America:
Lessons Learned on the Way to Market

Frepared by
Pacific Northwest MNational Laboratory

for
U.S. Department of Energy
Office of Energy Efficiency and Renewable Energy
Building Technologies Program

June 2008
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SSL Luminaire Testing

Must measure luminaire as a complete system

Uses ‘absolute photometry’ rather than ‘relative
photometry’

Based on IESNA draft standard LM-79

— Photometric testing methods under development

— Stakeholders are not all familiar with these new testing
paradigms

DOE CALIPER Program contributing to

— Standards development process

— Increase confidence and understanding of SSL testing
— ‘Jump-start’ knowledge of testing results
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LED energy efficiency is a function of:

LED device efficacy

Driver/power supply efficiency

Luminaire design
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System Efficacy Vs. Luminaire Efficacy
(Recessed Downlights Example)

CFL System CH. Fixture Luminaire
{Lamp + Ballast)
il — AN

System Efficacy L“mi_[‘ai’“ Efficacy delivered light
£0 Lo 25 Im/W
(Measured by LM-9)
LED System LED Fixture Preferred
{LEDs + Driver) metric for LED
=1 + = luminaires
¥
Luminaire Efficacy delivered light

System Efficacy 35 Im/W
Not Measured
(Measured by LM-79)
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« Commercially-available
SSL products for the
general illumination market

— Luminaires and replacement
lamps
(white light)

— Indoor and outdoor

— Residential and commercial
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Types of CALIPER Testing

e Basic photometry (following IESNA LM-79 draft)

— Integrating Sphere and Goniophotometry
* Luminaire light output, efficacy

» Color quantities (spectral power distribution, CCT,
CRI)

* Beam characteristics and intensity distributions
» Electrical measurements, thermal characteristics

— Benchmarking (other light sources)
e Other, non-standardized testing

— “In Situ” Testing (relative measurements)
« Environmental chamber
* Insulated ceiling, recessed can
— Lumen depreciation testing
e Draws from IESNA LM-80 draft
— Exploratory testing
* Thermal imaging, dimming... ENSIEr it

IndependentJesting Laborator
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Testing Program Process

e Quarterly product selection &
acquisition
e Multiple independent test labs

* Assembly and analysis of results

— Courtesy sharing of results with
manufacturers

— Retesting options

* Publication of results
— Summary reports
— Detailed test reports
— Analyses and studies

 “No Commercial Use” Policy

Photo credit: Luminaire Testing Laboratory
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Progress to Date

Quarterly rounds of testing

— Started late 2006
— Selection = Acquisition = Testing = Analysis = Reports

C u r re n t St at u S ,, = - -5

Qm- O WA G Lo Fyreem @ 2-15 =

Mwﬂmmnnmwmmm v Bloo ke * ol
r

— Rounds 1-3 completed e —

Solid-staté Lighting&
a [ %

— Round 4 testing underway |z e

taday are
undergoing rapid change a mprommmu and

rrrrr TR pﬂ:\ﬂucu arming on the marke ide range
parmmmco lnmnry yuusx\. standards mnrn;

sndards Davaloprant [me] are mmmg qu velop needed :r.-nd-d:

— Round 5 pre-selection = -

miarket for high S5 products.

ool The DOE counarciy Avelite 15D Svouct Evhaton nd Mt (CALPER)
Using LEDs for General FProgram (formarty the s Commercial Product Testing Frogram ) will
THumination
........ + Guids DOR planning for S5L RED and commarciakzation SUPpart actitis
mchuding ENERGY STAR® progeam planning
LD Appie s Sada . *5.99,.; w_g activities and

» Prowda upewpmm parformanca informaton to tha publc n ths aarly
Funding Opportunities years, helping buyers and specifiers have confidence that new SSL products will
perform as claimed

mmmmmm
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Testing Rounds 1-3 Results

DOE Solid-State Lighting

e 50+ prod ucts tested | OOIOE. it

DOE SSL Commercial Produl Summary of Results:

e Focus: overall luminaire

DOE TEST REPORT 06-05 -

performance e

Labaratary Parforming Testng U.S. Department of Energy
Tests Partormes UPDATE — March 2007

« Wide range In products ol
& results

e Small sample size,
more testing Round 4

Bulding Technologies Progam 3 1|
Enarzy Efficiancy and Renswable Enargy |2
U5, Deparment of Enengy ',
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SSL DOWNLIGHTS
CALIPER published Guiput | QUM | Effieay | S0l | pendering
or Efficacy (K) Index
Directional Replacement Lamps Suitable for Downlights
07-31, Warm White Retrofit 650 Im 719 61 2754 95
07-47, Soft White Retrofit 650 Im 663 61 3402 91
07-19, Warm White Par30 990 Im 650 38 2854 52
07-09, Cold White R30 500 Im 310 34 5973 82
07-08, Warm White R30 400 Im 239 27 2945 72
07-13, Warm White R30 400 Im 406 26 2689 14 (RGB)
07-14, Cool White R30 400 Im 352 25 4006 13 (RGB)
Downlights (Complete Luminaires)

07-35, Soft White Downlight 40 Im/W 553 36 3442 81
07-05, Cool White Downlight 642 Im 662 25 4402 76
06-03, Warm White Downlight 45 Im/W 298 19 2724 67
07-42, Warm White Downlight 42 Im/W 101 16 2719 66
06-01, Warm White Downlight 40 Im/W 193 13 3012 70
07-04, Cold White Downlight 477 Im 357 12 5964 76
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SSL Downlight
Luminaires & Lamps

Measured Efficacy
70

60 :

o)
o
|

Efficacy (Im/W)
N w oY
o o o

-0 X — B

10

0
7 replacement lamps,

6 downlight fixtures,
Average = 30 Im/W

12/13/2007

Key Points

Best luminaire efficacy =
60 Im/W

Worst =12 Im/W

Top half comparable to
CFLs

Manufacturer literature

— Almost half provide
accurate information
(within 15%
measured)

— More than half
provide imprecise
information (on
average 70% over-
stated)

SSL Downlight

Luminaires & Lamps

Output (Im)

Measured Output
800

N

o

o
|

IN o)
o S
S S
| |
O+ |- ——— XX

0
7 replacement lamps,

6 downlight fixtures,
Average =423 Im
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Benchmarking for Downlight Comparisons

900
800
700
600

al
o
o

s LED Downlight Fixtures 2007
= LED Downlight Fixtures 2006

Light Output (lumens)
D
o
o

x Incandescent Downlights
100 + CFL Downlight Lamps & Fixtures

0 10 20 30 40 50 60 70
Efficacy (Lumens/Watts)

* Values for LED downlights are from CALIPER testing.
** Values for CFL and incandescents are assembled from CALIPER testing, earlier photometric testing and product catalogs.
*** A fixture efficiency of 0.9 is applied to all replacement lamps unless tested inside a fixture.
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* Undercabinets and desk lamps tested
— 5 SSL undercabinets, 8 SSL desk lamps
— 2 fluorescent tube undercabinets, 1 CFL luminaire
— 1 halogen desk lamp

« ~5 SSL products show comparable or better efficacy than

fluorescent
 Most would be better than halogen, but many consume off-state
power
SSL task lights from to
Power 4.4 W © 21 W
Output 75 Im 430 Im
Efficacy 8 Im/W > 43 Im/W
CCT 2700 “ >7000
CRI 70 > 85

12/13/2007 18



Undercabinet and Desk Lights with On/Off Switches

— Off-state power use ranges from 0 W to 2.6 W, reducing efficacy

12/13/2007

Energy Efficiency and Renewable Energy

SSL Task Lights
50
40
2
E 30
>_
O
<
O 20
L
LL
L
10
0
Measured Effective
Luminaire Efficacy
Efficacy 3 hours
on/day

EFFICACY (Im/W)

CFL & Halogen Task Lights

50

N
o

W
o

N
o

[EEN
o

0
Measured Effective
Luminaire Efficacy
Efficacy 3 hours
on/day
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Direct Comparisons
Same desk/task light, two different sources

Example Luminaire 1 CFL LED
Luminaire Output (Im) 236 226
Luminaire Efficacy (Im/W) 24.2 18.4
CCT 3432 5939
CRI 79 74

Power Factor 0.54 0.92
Example Luminaire 2 Halogen LED
Luminaire Output (Im) 351 157
Luminaire Efficacy (Im/W) 9.2 12

CCT 2856 3204
CRI 99.5 74

Power Factor 1.0 0.79
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SSL Outdoor Lights
Puishes | ouput | e | Coneaed | coor
Output or (lumens) (Im/W) (K) Index
Efficacy
Outdoor Area
07-26, Area 59 Im/W 9808 52 -- --
06-05, Area 24 Im/W 2638 24 4661 20 (RGB)
Outdoor Parking
07-24, Parking 59 Im/W 6272 o4 5948 76
Outdoor Wall
07-25, Wall 59 Im/W 3758 53 6145 77
07-34, Wall 40 Im/W 124 27 3270 70
07-01, Wall -- 92 16 2693 68
Outdoor Path
07-37, Path -- 24 6 3792 77

12/13/2007
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SSL Various Applications

Manufacturer Luminaire Correlated Color
Published Output : :
Efficacy Color Temp. Rendering
Output or (lumens) (Im/W) (K) Index
Efficacy
Refrigerated Display Case
07-07 31 Im/W 1237 30 5261 70
Surface Mount
06-06 55 Im/W 964 24 3410 75
Step/Wall
06-07 -- 25 4 2854 70
Non-Directional Replacement Lamps
07-23* 31.5 Im/W 33 48 3099 70
07-06 22 Im/W 10 16 3161 70
07-12 -- 20 13 25263 79

*07-23 is a manufacturer retest of the next generation of product tested in 07-06

22
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Testing Results: Power Factors

Range of values
— 0.3t0 1.0

Small sample
size for now

— Small PF/power
correlation

— Small PF/efficacy
correlation

Power Factor vs Wattage for CALIPER tested
SSL Luminaires and Replacement Lamps

1.00
§ 0.90
S 0.80
'-": 0.70
‘1;’ 0.60
© 050
@ 0.40 + Round 1
'§ 0.30
'E 020
3 0.10 a Round 3

0.00

= Round 2

1.0 10.0 100.0 1000.0

Luminaire Power (Watts)
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Round 1-3 Results:
Color Qualities

LED Downlights & Suitable Conventional Sources
| |
1

* Range of color qualities
CCT range: 2600 K to

LED Undercabinet Lights & Suitable Conventional Sources

36000 K
Phosphor-conversion S .‘ /
LEDs CRI range: 51-95 o o
— Three RGB luminaires |
tested

12/13/2007 24
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Luminaire Output (Lumens)

12/13/2007

Energy Use and Light Output

[

v

Luminaire Efficacy (Lumens/Watt)

General Observations

* Luminaire Outputs:
comparable for some
applications

— Undercabinets
— Desk/Task
— Downlights
 Luminaire Efficacies
— SSL surpasses incandescent

— SSL-> % CFL to surpassing
CFL

 Caution:

— Wide differences >
DO NOT generalize

— SSL evolving
— More benchmarking
— Continue testing

25
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CALIPER Rounds 1-3 Range of Results

 Tests include a from to
wide range of Power 0.6W <« 189W
products Output 10lm < 6272Im
Efficacy 4 Im/W <~  62Im/W
. Result_s. show a ot o0 o 1 27000
very wide range of | ., < o o

performance

> Be careful not to generalize!
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Rounds 1-3 Key Conclusions

* Product literature not always consistent, not always reliable
— Be informed. Request luminaire testing results.

 CALIPER positive influences
— Market/industry awareness & involvement
— Testing standards validation & refinement

Round 1-3 products designed from 2005-2007, showing some
now rival fluorescent (CFLs and small linear), and one product
exceeds CFLs in luminaire output and efficacy

> Great promise for upcoming generation
of commercially available SSL luminaires

12/13/2007
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Be an Informed Buyer

« Bottom-line: understand and request SSL
luminaire testing

e ENERGY STAR® for SSL is coming shortly
— Effective date set for September 30, 2008
— Products tested for:

12/13/2007

Total luminous flux (light output) of luminaire
Luminaire efficacy

Correlated Color Temperature

Color Rendering Index

Intensity distributions

Steady State Module/Array Temperature
Maximum Power Supply Case/TMP Temperature

28
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 Via website
Que - @ M BB Lo dorns @ -5 - )i B

Aahess | ) o e doe. gl fcome testing hiem vEoo ks ™ W

Summary reports T — 1

Detailed reports
* Must be requested via web R

Sohed-stabe hghlng (S5L) technoleges today are W TESTING PROGRAM REFORTS
ark d
ittt ot undergoing rapid change and improvements, and
fo rm ENERGY STAR, products amving on the market exhibit 3 wide range
of performance. Industry woups, standards setting
Lot e organizations, and the LL5. Dq)an:meﬂl of Energy
Standands Davelopment (DOE} are mo wing quickly to develop needed standards

and test procedures for 551 pmducu In the
Tachnical Inforrnation | oontime, however, Hhare 1 noed for rohable,

oy ate.
1 1 1 e ey e
* Requestor’s contact information | =7 el e Sty o e
The DOE Commercially Avadable LED Produwct Evaluation and Reporbng {CALPER)

m u St b e p rOVi d e d :'n-;';wh'-::::" General  program (farmerly the S5L Commercial Product Testing Frogram) will

LED Barcs = Guide DOE planning for SSL RAD and inlization SUPROIT A tviti

Building Technologies Program

Solid-stafe Lighting &

d Bummary R
61 nd 2 [N:F -‘mm

. e T . :;\c:dln*gnl:(!:lgﬂc\‘ STARE: program planmg A=
« Must agree to adhere to ‘No e | S
» Provide objectve product pr tion to the public in the early
Funding Dppactunitics years, heblng buyms and spe:‘ﬁers ha\ra confidence that new S5L pmd.l:ts will
perform 5 clame 2

Publications

Commercial Use Policy’ B S T

http://www.netl.doe.gov/ssl/comm testing.htm
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No Commercial Use Policy

The U.S. Department of Energy (DOE) is a federal agency working
In the public interest. Published information from the DOE SSL
CALIPER Program, including test reports, technical information, and
summaries, is intended solely for the benefit of the public, in order to
help buyers, specifiers of new SSL products, testing laboratories,
energy experts, energy program managers, regulators, and others
make informed choices and decisions about SSL products and
related technologies. Such information may not be used in
advertising, to promote a company’s product or service, or to
characterize a competitor’s product or service. This policy
precludes any commercial use of any DOE SSL CALIPER Program
published information in any form without DOE’s express written
permission.
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DOE SSL Website:
http://www.netl.doe.qov/ssl
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